Force on a magnetic particle due to the magnetic field Volumetric magnetization ( ) is the product of the mass magnetization ( ) at a given magnetic field and the density of the MP ( ).
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Modeling of forces on a magnetic particle
Force on a magnetic particle due to the magnetic field where is the force experienced, is the volume of the MP, is the volumetric magnetization, and is the magnetic field gradient in the direction of particle magnetization 1 . Assuming that the For VMF groups, Aluminum 6061-T6, which does not affect the magnetic field, was selected to model the rotating agitator axle to which the 30 individual 1.27 cm cube magnets were affixed. Closest (3.29 mm) and farthest (29.72 mm) positions of the magnet from the cell culture insert along the path of rotation in the axial plane were used to calculate the maximum and minimum magnetic field on tissue sheets during VMF stimulation. In the static magnetic field group (SMF), the magnetic field was taken at the permanent distance (2.28 mm) between the tissue sheets and the single 5.08 cm x 5.08 cm x 1.27 cm (LxWxH) magnet.
Magnetic gradient ( ) was calculated with the data produced by FEMM by dividing the difference ∇ in magnetic field by the distance between the respective finite elements. As the largest magnetic field gradient was along the path toward the closest point on the magnet, the direction in the FEMM model, the magnetic field gradient was simplified to , which represents the change in magnetic field in
The small magnetic field gradients in the and directions, which would slightly increase the total force on the MP, were not considered in the maximum and minimum force calculations. Thus, 63.6 pN of force is imparted upon the MP by the magnets in the maximum force configuration during VMF stimulation.
Minimum force on a magnetic particle due to the variable magnetic field
Minimum magnetic field strength and gradient in VMF groups were achieved by maximizing the distance from the surface of the magnet to the cells to 29.72 mm (Fig S.3) . At this position, the magnetic field strength calculated by FEMM is 3.03x10 -2 T in the negative direction. The corresponding value Thus, 1.06 pN of force in the negative direction is imparted upon the MP by the magnets in minimum force configuration from the axial plane during VMF stimulation.
Calculation of minimum force in the longitudinal plane (Fig S.4) RGD was coupled to MP as previously described 4 . Control sheets were never exposed to a magnetic field. Starting on day 4, stimulated sheets were exposed to a variable magnetic field (VMF, 0.95 cm diameter x 1.27 cm height cylindrical magnets, 0.39 T, CMS Magnetics) for 8 hours daily 7 days/week for 3 weeks. Lines denote statistical significance of p<0.05. Control sheets were never exposed to a magnetic field. Starting on day 1, stimulated sheets were exposed to a variable magnetic field (VMF, 1.27 cm cube magnets, 1.45 T, CMS Magnetics) for 1 hour or 3 hours daily 6 days/week or for 12 hours daily 7 days/week for 3 weeks. Lines denote statistical significance of p<0.05.
